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Abstract
Due  to a lack of internationally comparable agricultural price  data,
implicit output/input price ratios are constructed as the reciprocals of
input MPPs.  The MPPs are estimated by a production function fitted to
data from a world cross  section of  119 countries.  Although  the output/
purchased input price ratios are substantially higher  for the developed
nations than the  less developed countries,  the opposite  is  true of the
output/labor price ratio.  The price of agricultural output relative to
wages and per capita income  is nearly three times greater  in the third
world than in the developed countries.  Price and trade policies which
maintain output.prices in developing countries below world market levels
are  seen as  a compromise between the  low output/purchased  input ratios  and
still higher output/labor price ratios.  Because of this  compromise,  third
world nations are caught in a "catch-22" situation.  Modern inputs  are not
profitable because people are poor.  People are poor because modern inputs
are not profitable.  The proposed international food stamp program is
envisioned as a way for low income  countries to  alleviate  the  short-run
hunger problem while promoting long-run economic growth.April,  1990
Agricultural Prices:  Third World Dilemma
*Willis Peterson
Much has been written about agricultural price and trade policies  in
the  less developed countries.  (See for example,  Peterson,  1979,  Pinstrup-
Anderson, Schultz,  and Timmer).  There appears to be a consensus  that
these policies have retarded economic growth in developing countries by
holding their agricultural prices below world market levels,  making it
less profitable to  invest in agriculture.  While there  is no  reason to
doubt the conclusions reached by these studies,  they are based on rather
sketchy price data.
When making international price comparisons,  it has been common to
use prices of the  three major cereals--wheat, rice,  and maize--and assume
that other prices follow a similar pattern.  This may or may not be  true.
Even when an aggregate price measure is  obtained, there remains  the
problem of finding a suitable deflator.  Exchange rates are distorted,  and
production costs differ among countries.  With the exception of some
scattered fertilizer price data,  there  is  no internationally comparable
data on input prices.
The first objective of this paper is  to construct a set of
international farm prices which alleviates  the above mentioned data
problems.  The second, and main objective,  is  to  seek an economic
explanation for  the seemingly perverse price and trade policies adopted by
the less developed countries.The  large variability of political environments of low  income
countries that adopt relatively common price and trade  policies  suggests
that the motivation for these policies  is  economic  rather than political.
The  evidence suggests that  it  is not necessary, and probably incorrect,  to
assume that the so-called cheap-food policies  of developing countries  stem
from a lack of awareness among policy makers of the growth inhibiting
consequences of their policies.
Implicit Prices




Since VMP  - MPP  *  P
x  x  y
Then P  * MPP  - P
y  x  x
Therefore MPP  - P /P
Or  1/MPPx - Py/Px
(The subscripts x and y stand for inputs and output respectively.)
The  implicit output/input price ratios  are defined as the  reciprocals
of input MPPs.  The MPPs  are estimated by a production function.  This
procedure allows  one to estimate the price ratios indirectly by observing
the behavior of producers.  When the price of an input is high relative  to
output price,  a small amount of the  input will be used,  and its MPP will
be high,  other things  equal.  Granted,  profit maximization must be
2assumed.  But this  is  not an unusual assumption,  all  supply functions
require it  (Py - MC).
The implicit output/input price ratios have several advantages over
directly observed prices.  First, because the prices are measured as
ratios,  they do not require deflating by exchange rates and input prices.
Second,  the ratios  reflect expected prices which can differ from actual
prices.  If actual  output prices  are either unusually high or  low,
producers can be expected to make decisions on a more normal or  long run
average level of prices that are expected to prevail  at the end of  the
production period or when the output  is  sold.  Expected rather  than actual
prices are the relevant magnitudes for making supply decisions,  and
estimating supply functions.
Third, the  implicit price ratio  is not distorted by price controls
and resulting shortages.  In developing countries,  purchased inputs are
commonly subsidized, either by price or credit.  However, such inputs may
not be available in sufficient quantities to  satisfy demand.  In this  case
the subsidized price has  little meaning.  This  is.  illustrated in Figure 1.
Price P0 is  the subsidized price  of the  input and Q0  is  the quantity
supplied.  The implicit price ratio reflects what the input price would
have been to generate quantity Q0. This  is price  P1 . On the other hand,
if product price is  controlled and a black market exists,  the  implicit
price ratio  reflects the higher actual price received rather than the
lower official price.
Transport costs result in another price measurement problem.  In
developing countries where transport equipment is primitive and roads  are
poor,  transport costs likely represent a larger proportion of output or
3Figure  1
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4input prices than in the developed nations.  If product prices  are
measured at village markets,  or central,buying points,  actual net prices
received by farmers  in developing countries can be substantially lower
than the quoted prices, after paying transport costs.
A similar problem exists for purchased inputs.  The  full cost of a
bag of fertilizer,  for example, will be higher than the selling price  if
the buyer must carry it home on his back several kilometers along a
footpath in hilly terrain.  If transport costs become excessive,  as  in
remote areas,  it  is  rational for farmers  to be self-sufficient, neither
selling output or buying inputs.  The  implicit price  ratios have an
advantage here  in that they reflect the  true,  after transport cost prices
received for output and paid for inputs.
The Production Function
Input MPPs are estimated by a standard Cobb-Douglas production
function,
b  b
Q - A X1  ... Xn
1  n
Output and input data are from a world cross section of 119  countries
which encompass  about 94 percent of the world's agricultural  land.  Output
(Q) is measured by a wheat equivalent quantity  (WEQ).
n  P
WEQ3 - Z  F 
where  WEQ  is  wheat  equivalent  output in country  is  the world market
(export) price of wheat,  Pi  is  the world market (export) price of
commodity i, and Q  is  the quantity of commodity i in country j.  The
Pi/Pw ratio  is  a weight reflecting the  amount of resources required to
5produce a kilogram of each commodity in comparison to wheat.  All
agricultural commodities produced in each country are  included.
Production for the 1982-84 period is  averaged in order  to  smooth out year-
to-year fluctuations.  To  avoid double counting of feed grains,  either
domestically produced or imported,  the production of livestock and poultry
products were reduced by the proportion of production costs taken up by
this input.2 Also prices of products that are not traded in  the  form
produced on the  farm,  olive oil,  and sugar crops,  for example,  were
adjusted downward to reflect their farm values.
The right hand side of  the production function  includes  four
conventional and three nonconventional  inputs as described below.  To
reduce  the problem of heteroscedasticity due  to  large differences  in
country size,  a land-intensive production function is  fitted whereby
3
output and the conventional inputs  are measured on a per-hectare basis.
Conventional inputs
(1)  Labor:  number of people  (male and female)  age 15  and over  in
the agricultural population.
4.
(2)  Machinery:  number of tractors and combines weighted by size.
(3)  Fertilizer:  kilograms  of plant nutrients of nitrogen,
phosphorous,  and potassium.
(4)  Livestock:  number of cattle equivalents.5
Nonconventional  inputs
(1)  Land quality  index:  a measure of growing conditions as
determined by long run average precipitation,  irrigated land as
a percent of cropland, and nonirrigated cropland as  a percent of
all agricultural land.6
6(2)  Schooling:  years  of schooling per person,  first  and second
levels,  age  15 and over in the country.7
(3)  Technology:  years of  schooling per person, third level,  age 15
and over in the country.
Because the labor input  is measured as number of adults  in
agriculture, unadjusted for skill differences,  the stock of schooling at
the first and second levels is added to  take account  of labor quality.
The per adult stock of schooling at  the  third level  is  inserted as  a proxy
for the level of technology in a country.  Schooling at  the third level  is
viewed as a measure of the ability for a country to  conceive of and
produce new inputs  for agriculture.
It has been common to use experiment station expenditures or
personnel as a proxy for agricultural technology.  However this measure
probably is  too narrow.  Much of the  new technology utilized by
agriculture has been developed in the industrial  sector.  In virtually
all countries the technology mix utilized in agriculture  closely resembles
the mix used in the rest of the economy, suggesting that much of
agricultural and nonagricultural technology have a common origin.
The countries are divided into three groups according to  income:
8
high, middle, and low.  Because of the  large variation in input mix
across countries,  slope dummies are  inserted allowing the coefficients to
vary among the groups.  The middle income group  is used as  the reference
dummy.  Three of the eight slope dummies were statistically significant at
the  .05 level:  the high and low income  groups for labor and the low
income group  for machines.  The production function results using only
these three dummies are presented in Table 1.
7Table 1
Production Function Results*
Constant  4.51  (5.71)
Fertilizer  .087  (2.10)
Labor - Middle  .405  (6.11)
Labor - High Dummy  -.142  (-2.84)
Labor  - Low Dummy  .170  (2.78)
Machines - Middle and High  .213  (5.27)
Machines  - Low Dummy  -.124  (-2.37)
Livestock  .167  (2.84)
Land Quality  .695  (4.26)
Schooling  .105  (.743)
Technology  .043  (.751)
R2 .921
*Figures  in parentheses are  t-ratios
8Neither the schooling nor.  the  technology variables are  statistically
significant but are  left in to avoid a specification bias on the
conventional input coefficients.  The  technology variable  is  significant
without the slope dummies,  however, suggesting that the  dummies  take up
some of the variation attributable to technology.  The schooling variable
(first and second levels) was  not significant with or without the  dummies.
Implicit Prices
As mentioned, the implicit output/input price  ratios are constructed
by the  reciprocals of the MPPs.  The MPP of input X1 for country j is
computed by the following expression:
b-MPP  Ab1  b2  b
MPPIj - Ab  l  Xj  2  2  nn
where X2  ....  Xn are mean levels  of X2 through Xn.
It  is necessary to hold constant  the other  inputs at  their sample
means when computing a country-specific MPP to avoid distorting its
estimated implicit price ratio.  For example,  a country that utilized a
large amount of labor per hectare because of a low wage would in  turn
exhibit a large output per machine.  This would imply a higher price of
machines than actually exists because of  the low price of  labor.
The MPP of an input and its price are specific  to  its unit of
measure.  In order to make the  four output/input price ratios comparable
and to combine them into a single overall price ratio,  it  is necessary to
standardize the MPPs.  This was done by dividing the computed ratio of
each input  for each country by the sample mean ratio of that  input  to  form
an index with the sample mean equal to  100.
9The overall output/input price ratio for country j(Pj)  is  computed as
a weighted average of the individual price ratios by the following
expression:
4
P  - l  WiPi
i-1  i ij
where Wi is the  factor share of input i from the production function
standardized to  sum to one.  The weights of the  four conventional  inputs
for the three country groups are presented in Table 2.  The resulting
implicit price  indexes  are presented in Table 3.
The price ratios for the  two main purchased inputs,  fertilizer and
machines,  conform to  the generally accepted pattern.  The price  of output
relative to  the price of these  inputs  is highest in  the high income
countries, and lowest  in the  low income nations.  The difference between
the high and low income groups is  large--nearly 5 times  for fertilizer and
20 times for machines.
The output/labor price  ratio is perhaps  the most noteworthy figure  in
Table 3.  Now the pattern is reversed.  The price of output relative to
the price of labor  is nearly three times  greater in the low income
countries than in the developed economies.  Herein lies  the dilemma.
The Dilemma
In a world economy characterized by open markets and unrestricted
trade  the output/input price ratios  for purchased inputs should converge.
However,  people are not free  to migrate from low to high wage countries  in
numbers large enough to equalize wages among countries.  Therefore,  the
output/labor price ratio will continue to remain higher in the  low income
nations.
10Table 2.  Price Weights
Country Income Group
Input  High  Middle  Low
Fertilizer  .119  .100  .095
Labor  .360  .464  .626
Machines  .292  .244  .097
Livestock  .229  .192  .182
11Table  3.  Implicit Output/Input Price Ratios
(Sample mean - 100)
Country Income Group
Input  High  Middle  Low
Fertilizer  249  93  49
Labor  56  72  148
Machines  397  65  21
Livestock  110  72  126
Wtd. Average  191  72  122
12Per capita income is  highly correlated with the price of  labor.
Therefore the price  of agricultural products and food will remain high
relative  to purchasing power of consumers  in the  low-income countries,
even with unrestricted trade.  But unrestricted trade  is unlikely to  occur
given the output/labor price  ratios  in the  third world.
With the price  of food relative to  incomes  already three  times higher
in the poor nations compared to  the high income,  developed countries,  one
can see why policy makers are reluctant to  allow their  internal food
prices  to  rise  to world market levels.  "Reluctant" may be  too mild a
word;  "afraid" is  probably more accurate.  Third world governments have
been toppled for less.
The low output/purchased input price ratios coupled with the high
output/labor price ratio results  in a dilemma for third world countries.
The  relative unprofitability of modern purchased inputs  limits  their use.
But economic  growth depends on the use  of these  inputs.  If  these  inputs
are unprofitable, people remain poor.  This  is something of a "catch-22"
situation.  Modern inputs  are not profitable because people are poor.
People are poor because modern inputs are not profitable.
The Alternatives
The absolute difference between the per capita  income levels of  the
rich and poor nations  is  at this writing the  largest  in history and
continues to widen each year.  As a result,  market prices of modern
purchased inputs will continue to  increase relative to  the price of food
in the poor nations.  This trend does not give rise  to much optimism for
future economic growth in the  third world.  What, if anything,  can be
done?
13One option is  to  continue,the policies  of the past.  In  this  case
third world governments maintain domestic food prices below world market
levels.  This option is a compromise between increasing the  Low output/
purchased input price  ratios and imposing a still higher output/labor
price ratio.  Not much growth occurs  and roughly 15 million people  die
each year from the direct or indirect  effects  of malnutrition.  (The
Hunger Project).  The developed countries in total  contribute about $60
billion per year in development assistance,  although the poorest of  the
poor appear  to be largely unaffected by this aid.  (Hancock).  Clearly
the status quo  is expensive and not very effective,  at least in
alleviating hunger and achieving economic growth in the third world.
A second option is  for governments of low  income countries  to  open
their borders to  free trade,  including the freeing of exchange  rates and
abolition of export taxes.  Farmers  in the third world would change their
output mix towards export crops and away from crops for domestic
consumption.  Food prices would increase until  they were in equilibrium
with the world market.  Quantity of food demanded in the third world would
decline because  of the higher food prices.  And world market prices  of the
export commodities would decrease due  to the added supplies.  As
mentioned, the political repercussions of higher food prices,  and the
short-run worsening of the hunger problem makes  this  option unacceptable
to third world governments.
Subsidizing the prices of modern purchased inputs  is  another way of
increasing their profitability and employment in third world nations.  The
practice is  relatively common.  However, when financed by the country
itself, budget constraints rule out a significant increase  in the  implicit
14price ratios.  If financed by,donor countries, even greater problems can
be envisioned.  First, there  is  the  income  distribution problem.  Similar
to  the price support programs  in high  income countries,  the  main
beneficiaries of these subsidies would be the  larger commercial  farms.  If
the subsidies are on machines, commonly accomplished through credit
subsidies,  the demand for landless  laborers  declines,  along with their
already low incomes.  The effect of subsidies on biological  inputs  is  less
obvious and less certain.  For example,  if the absolute value of the
elasticity of demand for agricultural products  is smaller  than the
elasticity of substitution between modern and traditional  inputs,  the
demand for  traditional inputs will decline when the prices  of modern
inputs decrease  (Ferguson).  There  is also the dead weight loss  associated
with input price distortions.  As a rule the purposeful distortion of
input prices  is not a good way to pursue higher economic  growth.
A fourth option is  to operate on the demand side of  the output
market.  It is now recognized that hunger and malnutrition are more the
result of a lack of purchasing power of poor people than an inability to
produce food (World Bank).  An income  transfer from the  rich to  the poor
nations via a program such as  international food stamps would alleviate
the short run hunger problem while promoting long run economic growth
(Peterson, 1988).  Although the market price of food and agricultural
products in the third world would  increase,  access to  food by the  poor
would still increase because of their increased food purchasing power.
The output/purchased input price  ratios also would increase,  thereby
stimulating the use of modern inputs.  In general,  the  increased demand
for food in the world would be good for agriculture and the farm supply
15industries  in both the donor and recipient nations.  Economic  growth
would be  enhanced in both groups.
Whether such a program stands a chance of being adopted is yet an
unanswered question.  Serving millions of people,  the  poor, rather  than a
few recipient governments increases  the difficulty of administration.
Also such a program might remove some political leverage of  the rich  over
the poor countries.  It is  not clear whether donor and recipient country
governments and development agencies are willing to offer aid directly  to
poor people as  opposed to  government-to-government contact.  The
development industry  is now well established and generously funded by
developed country taxpayers.  A well funded and established bureaucracy
tends not to  be very receptive  to new ideas  for change,  but perhaps not
totally unreceptive.
Summary and Conclusions
As reported by previous studies,  the price of agricultural output
relative to the prices  of purchased inputs  is substantially higher  in  the
high income countries  than in the third world.  However the opposite  is
true  for labor.  It  is  estimated that the output/labor price  ratio  is
nearly three times higher in the low income countries  than in the high
income group.  In view of this  circumstance, one can be more sympathetic
to policy makers in low  income countries for a reluctance  to  open their
borders to the world market,  allowing the price  of food in their countries
to increase to even higher levels  relative to wages and incomes.  Price
and trade policies of the less developed countries appear to  be a
compromise between relatively low output/purchased input prices and
relatively high output/labor prices.
16This compromise between low output/purchased input prices  and high
output/labor prices creates a dilemma for third world countries.  The  low
ratios for modern purchased inputs diminishes  their profitability  and
inhibits their use.  Modern inputs are not profitable because people are
poor.  People are poor because modern inputs  are not profitable.  A
"catch-22."
An income transfer from the rich to the poor nations via
international food stamps is proposed as  a means  of working out  of this
dilemma.  The program would increase  the price  of food in  third world
nations  to world market levels making modern inputs more profitable and
stimulating economic growth.  Yet poor people  in these countries would
have access  to more food because  of their increased food purchasing power.
The program is  envisioned as a means of alleviating the  short-run hunger
problem in developing countries while stimulating long run economic growth
in both  the donor and recipient nations.  Less certainty exists about  the
willingness of governments and development agencies  to change  from the
current system of government-to-government aid in favor of a more direct
approach to helping poor people.
17Footnotes
*Professor,  Department of Agricultural and Applied Economics,
University of Minnesota, St.  Paul.
1This procedure for measuring prices was used by Peterson (1988b)  to
estimate a long run aggregate supply elasticity from cross-country data.
2Swine and poultry and egg production were reduced by  .67,  beef and
milk by .50,  and mutton and lamb by  .10.  All production figures  are  from
United Nations,  FAO, Production Yearbook,  1984.  World export prices  are
from United Nations,  Trade Yearbook,  1984.
3Land is measured as  hectares of agricultural land,  including both
crop and pasture  land, as  presented in United Nations,  FAO, Production
Yearbook,  1984.
4The  size weights varied from 0.25  (Japan) to  2.00  (United States)
depending on the number of people per hectare.
5The weights are:  cattle 1.0,  horses  1.3,  mules  1.3,  asses  1.0,
buffalo 1.3,  camels 1.4, pigs 0.25, sheep 0.125, chickens  0.006, ducks
0.0125,  turkeys 0.0125.
6Country-specific  land quality indexes are presented in Willis
Peterson,  "International Land Quality Index,"  Dept. Agric. and Appl. Econ.
Staff Paper P87-10,  1987.  University of Minnesota,  St. Paul, Minnesota.
The index for all agricultural land is used here.
7The stock of human capital at the  first level of  schooling for  each
country was estimated by summing the number of students enrolled at  this
level from 1925  to  1975.  The  second and third levels were obtained by
summing enrollments  from 1930  to  1979.  The per adult stock was obtained
by dividing the total stock at each level by the population 15  and over.
18The school enrollment data are.  from UNESCO Statistical Yearbook,
respective years.  The enrollment figures extend back to  1950.  Pre-1950
enrollments were estimated by assuming a constant 1950 population/
enrollment ratio.
8The number of countries  in the high,  middle, and low groups  is  19,
52,  and 48 respectively.
19References
Ferguson, C. E.  The Neoclassical Theory of Production  and Distribution,
London:  Cambridge University Press.  1959.
Hancock, Graham.  Lords of Poverty, New York:  The Atlantic Monthly Press.
1989.
Peterson, Willis.  "International Farm Prices and the  Social Cost of Cheap
Food Policies."  Am. J. Aer. Econ.  61(1979):  12-21.
, "International Food Stamps."  Food Policy.  13(1988):  235-239.
'"International Supply Response," Agric.  Econ.  2(1988):  365-374.
Pinstrup-Anderson, "Food Prices and the Poor in Developing Countries,"
Eur. Rev. Agr. Econ.  12(1985):  69-81
Schultz,  T. W.  (ed.)  Distortions  of Agricultural  Incentives.
Bloomington:  Indiana University Press.  1978.
The Hunger Project.  Ending Hunger:  An Idea Whose Time  Has  Come.  New
York:  Praeger.  1986.
Timmer, Peter.  Getting  Prices Right.  Ithaca:  Cornell University.  1986.
World Bank.  Poverty and Hunger.  Washington, D.C.  1986.
20